This paper presents the development of a new prototype system for the acquisition of the 3D mandibular movement.
INTRODUCTION
The human mandible and the temporomandibular joint make an interest and complex biomechanical system that performs several functions, and have the capacity to make high forces with great precision. The peculiar construction of the temporomandibular joint allows the mandible to move according to six degrees of freedom. In Dental Medicine, is essential to know the mandibular cinematic to simulate the temporomandibular joints, to position tooth moulds in articulators and to reproduce the mandibular movements in order to insure a satisfactory occlusion.
Currently, there are several commercial and custom made devices to acquire and evaluate the mandibular movement but they are usually considered expensive and difficult to use, (Enciso, 2002; Garcia, 2003; Hugger, 1999; Pröschel, 2002) . Bearing in mind these disadvantages, it was developed in this work a new prototype system for the acquisition, visualization and analysis of the 3D mandibular movement that is economical, easy to use and sufficiently precise.
The development of the new prototype system was divided in three phases: the choice of the technology, the conception and production of the support structure and the development of the graphical software for the visualization and analysis of the 3D movement acquired.
In the next section the developed prototype is briefly described and some conclusions are presented in the following section.
PROTOTYPE DEVELOPED
In the development of the new prototype system was adopted a structured product development process in order to obtain a product with higher quality (Ulrich, 2000) . During some conversations with a medical dentist, the costumer needs were determined and after a market research the product specifications were defined; the concept and the product architecture were also defined and finally, using rapid prototyping techniques, prototypes were produced and tested.
The first step in the creation of the prototype was the selection of the technology to be used because the main support structure of the system would strongly depend on it. In this application, were employed electromagnetic sensors, Fig. 1 , to measure the magnetic field created by a small magnet, Fig. 2 , placed inside the patient's mouth (near to the incisive point). Using this type of sensors is possible to acquire the mandibular movement without contact and in an economical way. After choosing the technology to use, it was necessary to define the support structure for the acquisition system. Instead of creating a new structure, a common facial arc used in Dental Medicine was adapted as the main structure support of the system. With this approach, the development time, the development costs and the final price of the new system were reduced. Among the commercial facial arcs, it was adapted the Arcus from Kavo, Fig. 3 and Fig. 4 , (www.kavo.com). This arc was chosen because is a recent model and is compatible with several articulators.
As the Arcus facial arc was originally conceived to be used in static measurements, the first step in the adaptation to its new function was the redesign of the parts that could difficult the dynamic measurement or harm the patient. For that, it was necessary to adapt the auricular parts, Fig. 5 . The general dimensions and the groove of the original auricular parts were maintained, but the original shape was replaced by a more organic one, to offer the patients a higher sensation of comfort. Thus, the end part of the original auricular was replaced by a sphere to avoid hurting the patients during the medical exams. The new auricular parts have the advantage to be easier to clean, Fig. 7 . The support of the electromagnetic sensors employed was designed to meet the following requirements: to be adaptable to the facial arc used, to accommodate two circuit boards with the magnetic sensors mounted orthogonally and to be light. The most appropriate shape to satisfy these needs was also an organic one, Fig. 8 .
To attach the support of the electromagnetic sensors designed to the facial arc adopted, it was used an already existing groove in the facial arc; to prevent the translation and the rotation of the sensors support it was developed a specific notch in the sensors support, Fig. 9 . The end of the sensors support was also enlarged to accommodate the connection between the wires coming from the sensors and the data acquisition's cable, Fig. 9 .
As the selected electromagnetic sensors were very small, to be easier to handle them it were developed two circuit boards, Fig. 10 . These boards were mounted perpendicularly in the box of the sensors support by pressure and the access to them is carried through a sliding cover. This cover presents a hole for a led that indicates if the acquisition system is on. To acquire the signals from the electromagnetic sensors employed in the acquisition system was used a USB data acquisition device (DAQ). In spite of the DAQ could also be used as a power source for the electromagnetic sensors, it was used an external power supply instead in order to increase the signals' sensibility. The DAQ and the external power source were then mounted in a box, Fig. 11 . To visualize and analyze the 3D mandibular movement acquired by the electromagnetic sensors used, it was build a software program with a graphical interface using the developing tool LabVIEW from National Instruments, Fig. 12 . In the upper part of the interface, the user can write the patient's personal data: the name, the age, the sex and the missing teeth. In the lower part of the application window there are the control buttons and the graphical area were the results obtained are presented. The measurement results are displayed in four independent graphics: one 3D that the user can rotate and zoom, and three 2D ones with the projections of the movement in the sagital, frontal and horizontal plans. By pressing the button "Relatório" (Report) a report is created, Fig. 13 , and the user can then print or save it. To know the trajectory of the magnet used it was necessary to convert the electromagnetic sensors output voltages in 3D cartesian coordinates. For that conversion, in this work were employed neural networks (Demuth, 2005; Marques, 1999) . Thus, the output voltages corresponding to several well defined 3D points were recorded and then this information was used to create a radial neural network using the developing tool MatLab.
The Fig. 14 and Fig. 15 show the prototype system developed in this work for the acquisition, visualization and analysis of the 3D mandibular and its application. 
CONCLUSIONS
In this work, to acquire the 3D trajectory of the incisive point three electromagnetic sensors were used, mainly because they are economical and allow the development of a simple and comfortable support structure without any type of contact. The magnetic field is created by a small magnet placed inside the patient's mouth.
To reduce the development costs and the final price of the new prototype system, a common facial arc was adapted. Some parts of the same were redesigned and it was designed a specific support for the three electromagnetic sensors used.
To visualize and analyse in a personal computer the acquired signals it was built, using the developing tool LabVIEW, a software program with a graphical interface were the operator can also register the patient's personal data. With the same software program is also possible to create a report with the patient's personal data and the results of the clinical exam.
The new prototype system created is small, has a pleasant design and can be commercialized with an affordably price.
